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Abstract 
Important urban centers have been shaken in the recent past in Algeria which is a very active seismic zone. Since El 
Asnam earthquake (1980), many tools, such as seismic codes for buildings, bridges and tunnels, have been developed and 
implemented for seismic risk reduction. So, seismic scenarios have been done in some important cities to have an idea about the 
probable damages in order to carry out the necessary actions for damage limitation. These scenarios require analysis of elements 
at risk as buildings etc.  
The work presented below aims to estimate the seismic vulnerability of the existing buildings in Tizi-Ouzou city 
(Algeria). For this purpose, capacity curves are developed for the reinforced concrete buildings using push-over method; the 
analysis is based on the building characteristics given in the plans.  
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1. Introduction 
 Despite the high seismic risk level in Algeria [1, 2], the seismic vulnerability of the existing buildings is largely 
unknown for many urban areas. Much work remains to be done in this field even though seismic risk assessment 
studies were performed in some cities such as Algiers [3], Constantine [4] and Blida [5]. Vulnerability can be 
estimated on an urban area scale by conducting seismic scenarios [3, 4, 5, 6, 7, 8, 9] using methodologies that have 
been developed in recent decades in the context of projects such as HAZUS in the United Nations International 
Decade for Natural Disaster Reduction project  (IDNDR 1999-2000)  and   RISK-UE  in   Europe;  or  at the isolated  
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building level using structural dynamics methods (push-over, etc.) [10, 11]. In Algeria, the National Centre of 
Earthquake Engineering (CGS) has conducted vulnerability study of strategic buildings in the city of Algiers in the 
early nineties and is in conducting process for the same study in Constantine city.  
The work presented bellow, concerns the seismic vulnerability estimation of the reinforced concrete frames 
buildings in Tizi-Ouzou city, using their capacity curves constructed based on the Push-over method. Tizi-Ouzou 
city is located in Djurdjura mountains where the Boumerdes Earthquake (2003, Mw = 6.8) has been strongly felt 
[12, 13].  
 The first stage of this work consists to make an inventory of the buildings and identify their main characteristics 
(structural system, height and area, number of floors, building materials, regularity in plan and elevation) as those of 
implantation sites (bearing capacity of the soil, topography as well as its geological section, etc.). Thus, several 
classes of buildings are defined according to four parameters: the construction year, the height of the building 
(number of levels), the constructive system as well as the construction materials. 
2. Inventory Survey of buildings 
The city of Tizi-Ouzou is located about 100 kilometers southeast of Algiers. Its housing stock is estimated at 
26687 buildings over an area of about 2000 hectares with about 104312 inhabitants. Data (plans, geotechnical 
reports, crushing test results of concrete) that could be obtained concern 819 buildings.  More than 96 % of these 
buildings, made of reinforced concrete, belong to the public sector. Over 30 % of these structures were built before 
the first Algerian Seismic Regulations (RPA 81) in 1981. These regulations were revised in: 1988 (RPA88), 1999 
(RPA99) and 2003 (RPA99 version 2003) wherein the seismic coefficients were made severe. To broaden the 
sample of 819 buildings and to make a more complete analysis, an inventory survey was conducted on buildings in 
the private sector. A survey form, including several sections, was used for this purpose. Identified buildings (2240 
buildings) were chosen so as to represent the main existing typologies. This survey has helped supplement the 
database to define the typologies of this city. 
3. Typologies of the city of Tizi-Ouzou 
The various buildings are gathered by classes of vulnerability according to: the level of seismic design, the 
number of levels, the construction system and the materials. Thirty seven typologies were considered for this city 
(See Tab. 1). 
Table 1. The different typologies defined for the Tizi-Ouzou city. 
Constructive systems Typologies Number of Levels 
Reinforced concrete  
frames 
 [OBA] 
OBA0L OBA1L  OBA2L  OBA3L  (1-3) 
OBA0M  OBA1M  OBA2M  OBA3M  (4-7) 
OBA0H  OBA1H OBA2H - (8+) 
Reinforced concrete shear 
walls 
 [MBA] 
MBA0L  MBA1L  MBA2L  MBA3L  (1-3) 
MBA0M  MBA1M  MBA2M  MBA3M  (4-7) 
MBA0H  MBA1H  MBA2H  MBA3H  (8+) 
Reinforced concrete frames 
and shear walls  
[SM] 
SM0L SM1L SM2L SM3L (1-3) 
SM0M  SM1M  SM2M  SM3M  (4-7) 
SM0H  SM1H  SM2H  SM3H  (8+) 
Unreinforced masonry 
[MNR] 
MNRL  - - - (1-3) 
MNRM  - - - (4-7) 
 Pre-Code 
[SDL=0] 
Low-Code 
[SDL=1] 
Moderate-Code 
[SDL=2] 
High-Code 
[SDL=3] 
 
Seismic Design Level (SDL) 
 
Analysis of the full sample (data collected and survey) provides a ranking of the most representative typologies  
of the city of Tizi-Ouzou. These results are plotted in Fig. 1. 
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Fig.1. Percentages of the most predominant typologies of the city of Tizi-Ouzou. 
Furthermore, we found that over 90 % of the buildings are in reinforced concrete, and 67.37 % consist of 
reinforced concrete frames. The low-rise structures (number of levels: 1-3) represent over 57 % of the building of 
this city. It was found that the structures made of reinforced concrete frames are the cause of the collapses that 
occurred during the last earthquakes; which justifies their high seismic vulnerability. To better understand the 
behavior of these structures under seismic action, we plotted their capacity curves and identified the performance 
points and damage levels corresponding to different spectra calculation, using the push-over method. 
4. "Push-over" Method 
This method consists on a nonlinear static analysis based on the assumption that the response of the structure 
with several degrees of freedom "MDOF" can be assimilated to the response of a system equivalent to a single 
degree of freedom "SDOF" basically controlled by only one mode of vibration whose shape remains constant during 
the earthquake. Such an analysis is therefore pertinent, for seismic design, only if the fundamental mode of the 
structure is preponderant. The Push-over method allows constructing the curve representing the seismic capacity of 
a structure which can be superimposed on a graph of the seismic action [11, 14]. 
4.1   Performance point of the structure 
The capacity of a structure is represented by a force-displacement curve that characterizes the behavior of the 
structure under a progressive loading until obtaining a plastic damage state considered as an acceptable limit for 
safety. This curve can be obtained from a static nonlinear calculation with a finite element model, wherein the 
vertical loads remain constant and the horizontal forces have a similar distribution to that of the displacements of the 
fundamental mode of vibration. This curve is plotted with top displacement D on abscissa and base shear force V on 
ordinate. The demand response spectrum is defined by the Algerian regulation as a maximum response acceleration 
ܵܽ ݃Τ  curve for a system with one degree of freedom for different values of specific periods [15]. The two curves 
(capacity - response spectrum) are super imposed in a graph type (spectral acceleration ܵ௔  – spectral 
displacementܵௗ). The intersection of the two curves gives the performance point. 
4.2  Modeling 
The beams and columns are modeled by elements with linear elastic properties. The nonlinear behavior of 
elements resulted in the introduction of plastic hinges. In our case, three types of plastic hinges are considered: 1. 
Flexural plastic hingesሺܯଶǡܯଷሻ; 2. Compound compression and bending plastic hinges (PMM) and 3. Shear plastic 
hingesሺ ଶܸǡ ଷܸሻ. Flexural ሺܯଷሻ and shear ሺ ଶܸሻ plastic hinges are assigned to beam elements, Compound compression 
and bending plastic hinges (PMM) and shear hinges ሺ ଶܸǡ ଷܸሻ are assigned to the columns. The floors are considered 
as rigid diaphragms and the structure is fixed in its base. The adopted behavior laws are those set by default by the 
ETABS software [16]. For each type of hinge, the nonlinear behavior is defined by an idealized model represented 
by a force-deformation curve. Four performance levels, corresponding to the expected damage after an earthquake, 
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are defined (See Fig. 2): 
- Operational; building functions remain operational and the damages are insignificant. 
- Immediate Occupancy (IO); the building remains safe and usable. The structure retains much of its original 
stiffness. 
- Life Safety (LS); structure remains stable and the damages are not structural and remain localized. 
- Collapse Prevention (CP); the building does not collapse and the damages are widespread. Beyond this level, 
the sections are likely to fail causing instability and collapse of the structure. 
Note that point B corresponds to the formation of the first plastic hinge and point C corresponds to the ultimate 
capacity and marks the beginning of the degradation phase of the section and the drop of its strength. Residual 
stresses allow the section to resist to gravity loads (point D) until the ultimate deformation (point E) corresponding 
to the failure of the element.  
 
 
Fig.2. Behavior law and damage levels used by the ETABS software [16]. 
4.3 Results 
Figure 3 shows the capacity curves obtained for the structures made of reinforced concrete frames (OBA), 
corresponding to the four levels of seismic design (Pre-Code, low-Code, Moderate-Code, High-Code): 
- Case a : low-rise frames (1-3 levels) (OBAL); 
- Case b: average height frames (4-7 levels) (OBAM); 
 
These curves, plotted for the most unfavorable direction, show that for a constant shear, the displacement 
increases with the decreasing of the seismic design level. However, for the same displacement, the force is larger for 
structures with a high level CPS.  
                                     
(a) Typologies OBAL                                                           ( b) Typologies OBAM 
Fig.3. Capacity curves of structures made of reinforced concrete frames. 
Elastic response spectra, plotted for each soil type in acceleration vs. period coordinates as shown in Figure 4, are 
based on estimates of seismic coefficients ܥ஺ and ܥ௏ presented in ATC-40 report [17]. The two coefficients (ܥ஺,ܥ௏) 
depend mainly on the shaking intensity (zone acceleration coefficient) and the site soil profile (See Tab. 3). The 
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main types of sites, classified according to their mechanical properties, are characterized by a shear wave velocity 
(See Tab. 4). The most frequently encountered soils are in type ܵ஼  and ܵ஽ . The zone acceleration coefficient 
depends on the seismicity of the zone and the use of the building (See Tab. 5). 
 
Fig.4. Construction of the elastic response spectrum amortized at 5%. 
Table 3. Elastic response spectra depending on the acceleration coefficient and the site soil type. 
 
Zone acceleration coefficient 
 [RPA99/Version 2003] 
Type of the soil Seismic coefficients 
[ATC40] 
Elastic response 
spectra 
RPA99 ATC40 ܥ௔ ܥ௏ 
0.15 Soft soil ሺܵଷሻ ܵ஽ 0.22 0.32 Spectrum 1 
0.20 Firm soil ሺܵଶሻ ܵ஼  0.24 0.32 Spectrum 2 
0.20 Soft soil ሺܵଷሻ ܵ஽ 0.28 0.40 Spectrum 3 
0.15 Firm soil ሺܵଶሻ ܵ஼  0.18 0.25 Spectrum 4 
 
Table 4. Classification of the different soils characterized by a shear wave velocity. 
Type of soil 
(ATC 40) 
Description 
(ATC 40) 
Shear waves velocity 
[meter/second] 
Equivalent 
(RPA 99) 
஺ܵ Hard rock ௌܸ ൐ ͳͷʹͶ Rocky soil  ( ଵܵሻ 
ܵ஻ Rock ͹͸ʹ ൏ ௌܸ ൑ ͳͷʹͶ Rocky soil ( ଵܵሻ 
ܵ஼  Very dense soil and soft rock ͵͸͸ ൏ ௌܸ ൑ ͹͸ʹ Firm soil ሺܵଶሻ 
ܵ஽ Stiff soil profile ͳͺ͵ ൏ ௌܸ ൑ ͵͸͸ Soft soil ሺܵଷሻ 
ܵா Soft soil profile ௌܸ ൏ ͳͺ͵ Very soft soil ሺܵସ) 
 
Table 5.  Acceleration coefficient values according to the RPA99 Version 2003. 
 Zone 
Group of use I IIa IIb III 
1 A o.15 0.25 0.30 0.40 
1 B 0.12 0.20 0.25 0.30 
2 0.10 0.15 0.20 0.25 
3 0.07 0.10 0.14 0.18 
 
For each typology, we determined the performance points and presented the performance levels on the capacity 
curve obtained. Thus, the position of the performance point on the capacity curve indicates the damage level 
corresponding to the calculation spectrum used (See Fig. 5). 
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(a) Typology OBA3L                                (b)  Typology OBA3M 
Fig.5. Capacity curves - Performance points. 
The main characteristics deduced from this analysis are summarized in Table 6. We note that the highest 
strengths are obtained for the structures built after 2003 (OBA3L - OBA3M). Structures with low seismic design 
(OBA1L - OBA1M) lose about 50% of their initial stiffness and suffer maximum damage (level C) after which the 
sections are likely to fail causing instability and collapse of the structure.   
The capacity curves obtained for structures built before 1981 (OBA0L, OBA0M, OBA0H), without any seismic 
design, are well below the seismic requirement and performance points are absent. Furthermore, the displacements 
caused by the earthquake are greater than the capacities of the structures. This causes then the partial or total 
collapse of these structures. 
Table 6.  Characteristics of structures derived from capacity curves - Levels of damage. 
typology Yield limit 
ܦ௘ሾ݉ሿ െ ௘ܸሾݐሿ 
ultimate limit 
ܦ௨ሾ݉ሿ െ ௨ܸሾݐሿ 
Performance point 
ܦ௣ሾ݉ሿ െ ௣ܸሾݐሿ 
overall degradation 
indicator 
ܦ௚ ൌ ͳ െ ܭ௣Ȁܭ௘ 
Damage 
Level 
OBA1L 0.018 – 61.75 0.0748 – 109.86 0.059 – 105.45 0.48 LS-C 
OBA2L 0.013 – 51.41 0.0499 – 102.72 0.038 – 97.44 0.38 LS 
OBA3L 0.017 – 89.13 0.1313 – 297.42 0.087 – 279.84 0.35 LS 
OBA1M 0.0543 – 47.06 0.2335 – 87.53 0.188 – 83.75 0.49 LS 
OBA2M 0.03 – 69.33 0.1152 – 139.88 0.074 – 126.14 0.26 B 
OBA3M 0.0365 – 107.55 0.0749 – 176.23 0.057 – 165.54 0.10 IO 
OBA1H 0.028 – 47.21 0.1506 – 224.36 0.12 – 219.7 0.22 IO 
 
Values of the two parameters (D, V) are derived from the capacity curves plotted for the different typologies : 
 D : represents the displacement at the top of the structure, in meters [m] 
 V :  is the shear force at the base of the structure, in tons [t] 
Stiffness (K) is defined as the shear force corresponding to the displacement unit:   K = V / D [t / m]. 
The overall degradation index (Dg) reflects the decrease of the structure’s rigidity at the considered state: 
ܦ݃ ൌ  ሺܭ݁ െ ܭ݌ሻȀܭ݁ ൌ ͳ െ ሺܭ݌Ȁܭ݁ሻ (at the performance point) 
ܭ݁ and ܭ݌ are respectively the rigidities of the structure at the elastic state and at the performance point. 
The analysis of failure mechanisms revealed, in many cases, early plasticity of columns (See Fig. 6), which 
accelerates the collapse of the structure. The design criterion defined in article 7.6.2 of the Algerian seismic 
regulations RPA99 Version 2003, advocating the formation of plastic hinges in beams rather than in columns, is not 
checked. Performance points of the modeled structures are generally located at LS damage where the structure is 
stable and the damages are non-structural and remain localized. But sometimes, the performance points can exceed 
the level CP beyond which damages are generalized and the sections, which have undergone large post elastic 
deformations, are likely to fail, especially for low-level CPS structures.  
 
 
Fig. 6: Plasticity of columns before beams - Typology OBA0L. 
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The damage probability of the analyzed structures is evaluated based on the fragility curves, according to the 
HAZUS method. The damage is modeled by a cumulative normal distribution of the logarithm of the spectral 
displacement. The approach used to estimate the damage is based on spectral capacity method. The results are 
summarized in Figure 7. 
 
 
Fig.7. Damage Probability of reinforced concrete frames. (S : Slight damage, M : Moderate damage, E : Extensive Damage, Complete damage). 
5. Conclusion  
The urban region of the Tizi-Ouzou city is characterized by three distinct spatial entities: 
The traditional area or "Upper town», an original core located north of the city, consists of a traditional housing that 
is in a state of significant degradation. Approximately 50 % of these buildings are over 60 years old and only 30 % 
are less than 35 years old and are in good condition. Currently, the upper town consists of various typologies, 
following significant socio-spatial changes, which are distinguished mainly by: 
- A widespread housing, consisting of a single ground-floor, structured in the traditional manner but have 
undergone transformations, 
- A new housing restructured, composed of two to three levels. 
 
The "town center", an ancient city where more than 54% of the buildings are of unreinforced masonry and of 
low-height (1-3 levels); over 21% of the buildings are made of reinforced concrete frames and height not exceeding 
three levels. The most commonly used material is stone, and sometimes the clay brick. 
And the "new town", as a result of an extensive program of urban housing concentrated south of the city and built 
since 1974. The outskirts of the city grow and more buildings surround its central area. Almost all of these buildings 
are made of reinforced concrete, consisting mainly of reinforced concrete frames, with average height (4-7 levels) 
and no seismic design. 
The reinforced concrete structures are predominant (over 90 %). These are either with frames; or with reinforced 
concrete shear walls; or mixed (frames and shear walls). The introduction of shear walls in buildings, with height 
exceeding the limits defined by the Algerian seismic regulations (RPA 99 version 2003), became imperative after 
the Boumerdes earthquake in 2003. In the second place, we find masonry constructions (less than 10 %) located 
mainly in town center. Steel structures remain relatively rare. 
More than 67 % of the housing of Tizi-Ouzou city consists of reinforced concrete frame buildings. The analysis 
of these constructions by the push-over method has allowed us to better understand their post elastic behavior and to 
evaluate some of their characteristics as the overall ductility, the elastic and plastic limits, the displacements, the 
overall degradation indicator, the failure mechanism and the degradation state. 
The main results we can remember through this analysis are as follows: 
9 No point performance was observed for the modeled structures built before 1981 (typologies: OBA0L, OBA0M, 
OBA0H), especially where soils are firmሺܵଶሻ, soft ሺܵଷሻ or very softሺܵସሻ. In these cases, displacements caused by 
the earthquake are significantly higher than the capacity of the structures. 
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9 The greatest strengths are obtained for structures built after 2003 witch have a good level of seismic design 
(typologies: OBA3L, OBA3M), whatever the height of the structure. These have the greatest stiffness at elastic state 
and at performance points, and have the lowest strength losses; thereby reducing the degree of penetration into the 
plastic range. The performance points consist on damages generally not exceeding the LS level for sites with at least 
the characteristics of soft soilሺܵଷሻ. Thus, the damages are non-structural and are localized, and the structures remain 
stable. 
9 The typologies with medium seismic design level OBA2 have higher stiffness and lower strength loss than the 
typologies with low seismic design level OBA1. However, the damages achieved in both cases can reach or exceed 
the level C, especially when soils are soft or very soft. This can cause instability and collapse of the structure. 
9 Finally, reinforced concrete frames structures, especially those built before 1981, are highly vulnerable to seismic 
action, and an earthquake occurring near the city will cause significant damages. These damages are estimated using 
fragility curves. 
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